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SUMMARY 
Thirteenth International Specialty Conference on Cold-Formed Steel Structures 
St. Louis, Missouri U.S.A., October 17-18,1996 
STRUCTURAL DETAILING OF OPENINGS 
IN SANDWICH PANELS 
by 
Ton Toma' and Wim Courage" 
European Recommendations [1] exist which provide calculation rules to 
determine the strength and stiffness of sandwich panels composed of two 
metal faces with a foam in between. In case of openings in such panels 
(e.g. for windows) an influence will appear with regard to the stiffness 
and loadbearing capacity. At the institute TNO Building and Construction 
Research this item has been studied (numerical and experimental) which has 
resulted in simple design rules in addition to the before mentioned 
calculation rules for panels without openings. 
The program has been executed with financial support of the European 
Community for Coal and Steel together with a number of Dutch panel manufac-
turers. 
* senior research engineer, TNO Building and Construction Research, Department 
of Structural Engineering, Rijswijk, The Netherlands 
** research engineer, TNO Building and Construction Research, Department of 




The existing European Recommendations for the structural design of sandwich 
panels [ref. 1] provide calculation rules and testing procedures for 
sandwich panels composed of two metal faces with a foam in between. The 
calculation rules are focussed on the checking of: 
maximum bending moment Mm=: 
The moment M.nax leads to a tensile force Nt and a compression force Nd 
in the metal faces. The values of Nt and Nd are equal and with a 
magnitude M,..x!e, where e is the distance between the faces (see 
figure 1). The requirement is that the stress caused by the tensile 
force shall be less than the yield strength of the relevant face and 
the stress caused by the compression force shall be smaller than the 
wrinkling stress awr : 
modulus of elasticity of core material, 
shear modulus of core material, 
modulus of elasticity of face material. 
maximum shear force Dmax: 
The shear force Dmax leads to a shear stress in the core material 
equal to Dmax/(e'~B), with B being the width of the panel. This shear 
stress shall be smaller than the shear stress capacity of the core 
material. 
maximum deflection: 
The maximum deflection 
deformation in the core 
an equally distributed 
from: 
with 
shall be determined including the shear 
material. For a single span panel loaded by 
load q the deflection w at midspan follows 
5 L4 
w=-q- *(1 +k) 
384Bs 
Herein: L ~ span of the panel, 
Bs O. 5e2AfEf' 
Af cross section of one face, 
Ac cross section of core material. 
The calculation rules described above are valid for sandwich panels without 
openings. Often openings are required (e.g. in case of windows in the wall 
or chimneys on the roof). In practice the panels can possess sufficient 
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reserve capacity to prevent extra additional stiffeners around the opening. 
This can be the case when: 
the thickness of the panels is determined on the basis of 
thermal insulation requirements and strength or stiffness is 
not governing, 
the openings are situated outside the regions where the maximum 
bending moments or shear forces appear. 
To derive a design procedure for the judgement whether openings in panels 
can be applied without additional stiffeners, a research program has been 
executed which is reported hereafter. 
2. RESEARCH PROGRAM 
The European Recommendations for the design of sandwich panels [1] provide 
rules for panels without openings. A research program has been executed 
with respect to design rules which determine the situations in which 
openings can be applied without additional stiffeners. One of the starting 
points for the research was to derive rules in such a way that only some 
correctionfactors' to the existing rules for panels without openings are 
introduced. 
In order to fulfill that condition the following format with correction-





a stress concentration factor to be determined with 
a numerical study, 
the capacity of a sandwich panel without opening 
related to tension or compression in the faces or 
shear in the core, 
the force in the sandwich panel caused by the ex-
ternal load related to tension or compression in 
the faces or shear in the core, 
a factor determined experimentally which takes into 
account the maximum allowed stress concentration at 
failure. 
Choosing this approach, the objective of the research program then was to 
determine relations quantifying Kt and a. 
2.1 Setup of the research program 
In the research program the internal stress distribution, of external 
loaded panels with openings, has been determined with the use of a numeri-
cal model based on a finite element method. By means of full scale tests on 
panels with openings the numerical model has been validated. After valida-
tion the numerical model has been used to calculate the stress concentrati-
ons (K t ) in the faces and the core material around the opening, and the 
influence of the opening to the deflection at midspan. 
For the final calculation rules, besides the stress concentration factor, 
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it was necesarry to introduce a factor (a) on the strength capacity 
belonging to the panel without an opening as determined with [1]. This 
factor with respect to the strength capacity has been determined experimen-
tally on a number of representative sandwich panels. 
The research program has been limited to panels with core material of foam. 
Furthermore following edge conditions have been defined for the research 
program: 
panel width: 0.6 - 1.2 m, 
span of the panels: smaller than 7 m, 
statical systems being single or mUltiple span, 
width of the opening: 10% to 80% of the panel width, 
form of openings: only rectangular openings with sharp corners 
(other forms of openings will always lead to smaller stress concen-
trations). 
2.2 Validation of numerical model 
At the institute TNO Building and Construction Research the finite element 
program DIANA is used. Within this program a special element is developed 
to describe the behaviour of sandwich panels. To determine the accuracy of 
the final element calculations experiments on full scale sandwich panels 
with openings have been executed, see figure 2 showing the instrumentation 
of one of the panels for these validation tests. Parameters investigated in 
these tests were sharp and curved corners of square openings, width of the 
openings and finally a round opening. Comparisons of the testresults and 
the calculationresults show a good correlation with respect to stress 
concentrations around the openings and the stiffness of the panels. The 
results of these experiments and the comparisons with the numeric calcula-
tion results are described in reference [2]. 
2.3 Numerical parameter study for determining Kt 
To determine the internal force distributions in sandwichpanels numerical 
parameter studies have been executed. For these studies the before mentio-
ned finite element program has been used. The experiments - described in 
2.4 of this paper - are simulated in this study. Furthermore the dimensions 
of the openings have been varied within 10% to 90% of the panel width. 
The distribution of the axial stresses in the faces and the shear stresses 
in the core in the vicinity of a opening has been examined. As an example 
of such a calculation result figure 3 presents the distribution of the 
normal stress in the face (multiplied by the face thickness). The presented 
figure shows, as a consequence of symmetry, only a quarter of the relevant 
area around the opening. In the figure the y-axis coincides with the span 
direction. 
For the normal stresses (compression and tensile) in the faces and the 
shear stress in the core material the local stress increment around an 
opening has thus been calculated. The calculated maxima for these stress 
values are related to the total normal respectively shear force present in 
the cross section. In this way the stress concentration factors Kt are 
determined. Using the calculated values for these factors an equation has 
been derived for Kt as a function of the dimension of the opening. 
For the stress concentration factor with respect to the normal stress in 
the faces the following relation has been derived: 
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2.27 +4.35(b/B) -5.48(b/B)2 K, 
l-(b/B) 




From this equation appears that for shear the stress concentration can be 
neglected, which means that the shear stress may be assumed equally 
distributed over the remaining cross section of the core asides the 
opening. 
The numerical studies and the derivation to the equations are described in 
reference [3] . 
2.4 Experimental study for determining a 
For the determination of 0< a number of bending tests on full scale sandwich 
panels have been executed. In choosing the test specimens dfstinction has 
been made with regard to the possible failure modes: 
- Yielding of the metal face in tension 
Four-line bending tests have been executed on panels with openings at 
mid span (see figure 4 for the test setup). The dimensions of the 
openings were 60% and 80 % of the width. In order to obtain yielding 
of the face, the tens ile face has been chosen thinner than the face 
in compression. 
Wrinkling of the metal face in compression 
Comparable tests as for yielding of the face have been executed, but 
the thickness of the faces has been taken equal to each other to be 
sure that wrinkling will appear (see figure 5). 
- Shear of the core material 
For shear of the core material three-line bending tests have been 
executed, with the square opening in the panels situated near the 
support. 
With the results of the experiments the following equations for 0< have been 
derived: 
- For yielding of the face: 
O<y ~ 2.45 - 0.2(b/B) - 1.08(b/B)' 
- For wrinkling of the face: 
O<w ~ 2.49 - 0.62(b/B) - 0.2l(b/B)' 
314 
- For shear of the core material: 
IX ~ 1 
3. RESULTS OF THE RESEARCH PROGRAM 
The research program has resulted in a number of design rules for strength 
and stiffness. 
The strength rules can be divided into two categories: 
- Set of detailed rules 
The detailed rules are described in chapter 2. The hypothesis at the 
introduction of chapter 2 can be hold as correct and the factors Kt 
and IX can be taken from respectively 2.3 and 2.4. 
- Set of simplified rules 
With the simplified rules it is possible in a quick, but conservative 
way, to judge whether without further calculations or special measu-
rements (e.g. extra glued stiffeners) an opening with width b can be 
applied. These simplified rules are (with Ncapacity and Dcapacity related 
to the panel without opening): 
,~ Yielding of the face: 
b :<;; 0.218 B (Ncapacity, tension/Nload -1.0) for 0.1 :<;; biB :<;; 0.6 
b :<;; 0.061 B (Ncapacity, tension/Nload+6 . 06) for 0.6 :<;; biB :<;; 0.8 
,~ Wrinkling of flat face: 
b :<;; 0.234 B (Ncapacity, compression/Nload -1 .0) for 0.1 :<;; biB :<;; 0.6 
b :<;; 0.081 B (Ncapacity, compression/Nload+3 • 85) for 0.6 :<;; biB :<;; 0.8 
* 
Shear of core material: 
b :<;; B(l-D'oad/Dcapacity) for 0.1 :<;; biB :<;; 0.8 
For stiffness the calculation rule for a sandwich panel without an opening 
can be corrected in following way: 
Herein: w' deflection at midspan of a panel with an opening at mid-
span, for 0.1 :<;; biB :<;; 0.8 and 0.5 :<;; Rib :<;; 2.0, 
w deflection at midspan of a panel without an opening, 




length of opening 
4. CONCLUSIONS 
The paper provides detailed and simplified rules to determine the strength 
and stiffness of sandwich panels with openings. The sandwich panels should 
have a foamed core and metal faces. 
When for a required opening the rules lead to an inacceptable situation, 
following measurements are possible: 
gluing of extra stiffeners around the opening; these stiffeners can 
be designed on the basis of tests or a finite element calculation 
with adequate sandwich elements, 
the panel with the opening transfers the load to neighbouring panels; 
in this case the seam connection between those panels should be given 
serious attention with respect to strength and flexibility. 
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Following symbols are used in this paper: 
cross section of core material, 
cross section of one face, 
width of opening in a sandwich panel, 
width of a sandwich panel, 
~ O. 5e'Af Ef , 
maximum shear force in a sandwich panel caused by external 
load, 
centre to centre distance of the faces, 
modulus of elasticity of core material, 
modulus of elasticity of face material, 
shear modulus of core material, 
a stress concentration factor to be determined with a numerical 
study, 
length of opening 
span of a sandwich panel, 
maximum bending moment in a sandwich panel caused by external 
load, 
the capacity of a sandwich panel without opening related to 
tension or compression in the faces or shear in the core, 
compression force in the face caused by the bending moment, 
the force in the sandwich panel caused by the external load 
related to tension or compression in the faces or shear in the 
core, 
tensile force in the face caused by the bending moment, 
equally distributed load on a sandwich panel, 
. deflection at midspan of a sandwich panel, 
an experimentally determined factor which takes into account 
the maximum allowed stress concentration at failure, 




= N = Mmax 
ND T e 
Tensile and compression force in respectively lower and 
upper face as a consequence of ~. 
View of a test panel with the strain gages used for the 
validation of the numerical model. 
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Calculated distribution of normal stress around a 60% 
opening. 
View of the test setup of the four-line bending tests to 
determine a. 
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Figure 5: The failure mode wrinkling of a flat metal face . 
